RT(r, f), RDMS, RVT, CTNM A retrospective review was conducted to determine the effect sonography has in localizing these foreign bodies. Patients selected for this study included all cases in which sonography was performed and demonstrated the presence or assisted in the removal of FB. After review of the records, 20 patients fit this selection criterion. Seventeen of the 20 patients had radiographs performed, in which only 8 of the 17 were positive for FB. Sonography demonstrated all FB in 19 of 20. In 11 of 20 patients, sonographic imaging directly guided their removal. Sonography can be an invaluable tool in finding and localizing for removal soft tissue foreign bodies.
The purpose of this study is to determine if a sonographic examination can have a positive impact in identifying and localizing soft tissue foreign bodies (STFB) for eventual removal over and above those seen on only a radiograph examination. Although radiographs have long been the gold standard for locating STFB, there are a high number of false-negative examinations. Consequently, patients with foreign bodies (FB) go undiagnosed, resulting in the second leading cause of malpractice lawsuits against emergency medicine physicians. 1 This article attempts to determine if a physician using sonography with or without routine radiographs would discharge fewer patients with retained FB. Types of FB, which can be seen and accurately imaged with sonography, will also be discussed. The sonographic appearances of actual foreign body material are compared with those of other modalities. The study also evaluates the utility of sonography in precisely locating STFB for removal.
Prior studies written on this topic have demonstrated the use of sonography to image preimplanted FB in chicken or turkey breasts and cadavers. 2 Few studies, however, have used actual patients with possible FB having sonographic imaging, and none in which the sonographer was intricately involved in performing the examination. In most facilities, physicians do not routinely perform these procedures as this responsibility lies solely with the sonographer.
In a review of current literature, various authors have discussed the use of color and power Doppler as well as the use of the highest available transducer frequency needed to perform the procedure. To date, however, none has broached the subject of tissue harmonics or crossbeam imaging capabilities available on current equipment. Sonography can be used to demonstrate the presence of organic and inorganic foreign bodies not readily visible on radiographs.
It can also be used to guide their removal, requiring smaller dissection and decreased time in their removal. Sonography has been shown to have a positive impact in the care of patients who present with STFB either in conjunction with or separate from radiographs.
Materials and Methods
A retrospective study was conducted to determine the effect sonography has had in localizing STFB. All patients in which sonography has been performed either separately or in conjunction with radiographs for documenting (the presence or absence), localizing, or assisting in the removal of an STFB were included in this study.
A review of current and previous records conducted from April 2001 to February 2005 resulted in 20 patients (male, n = 10; female, n = 10). The patients ranged in age from 4 to 52 years old, with an average age of 30 years. All patients with suspected STFB, unexplained soft tissue swelling, STFB not demonstrated on radiographs, or suspected retained STFB after attempted removal were included. Patients with multiple FB from the same injury counted as one. Due to the limited number of patients, it was decided to include new patients who presented during the course of the study.
Equipment
Staff sonographers performed all sonographic examinations, using an Acuson 128 XP/10 (Mountain View, CA), Sequoia (Mountain View, CA), or GE LOGIQ 9 (General Electric, Milwaukee, WI). A broadband linear-array transducer (7) (8) (9) (10) (11) (12) (13) (14) was used to obtain the images. A large footprint linear transducer was used for the initial imaging and localization. When necessary, a small footprint was used to assist in guiding their removal. To visualize superficial FB, some investigators have used a standoff pad. 3 Throughout this study, a thick layer of normal ultrasound gel 2 was used if there was a need for transducer to skin separation.
Procedure
Information was obtained from review of patients' charts, medical records, or direct interviews to determine the duration of their symptoms before imaging was performed. The information was separated into three categories (see Table 1 ). The acute category is determined to be any suspected foreign body injury that is less than 3 days old. The intermediate category is from 4 to 10 days old. The chronic category is greater than 10 days old (see
FB were separated into three distinct categories (see Table 2 ) based on their composition. Metallic FB are defined as any material with a high atomic number that has the ability to stop x-rays, resulting in a negative shadow on a radiographic image. Organic material refers to plant material such as thorns or some form of wood. Inorganic material is any material that does not come from living material, such as glass or plastic (see Table 3 ).
The region in which the suspected FB may be located was meticulously scanned with a high-frequency broadband linear-array transducer. Normal gray-scale imaging along with color or power Acute  Injury less than 3 days  Intermediate  Injury 3-10 days  Chronic Injury more than 10 days Doppler and tissue harmonics were used to assist in their location. Care had been taken to vary the position and angle of the transducer while imaging in an attempt to position the suspected FB at right angles to the beam because their appearance could closely match that of the surrounding soft tissue and be missed. Visualizing the FB perpendicular to the transducer minimizes the potential for errors in location and position within the soft tissue (see Fig. 4 ). When available, radiographic images were reviewed to determine the general area where the FB was located. This is especially helpful when external signs such as swelling or redness are not present. When a suspected foreign body was discovered, its precise location was determined, and the skin closest to the material was marked. Attempts were made to determine the appearance of various FB when imaged with sonography. All FB presented with at least a minimal increased echogenicity as compared to the surrounding soft tissue (see Table 4 ).
Categories of Patients' Conditions
When an open wound was present, the site was evaluated to determine if the FB could be removed through the same tract that it entered. To assist the physician in its removal, care was taken to evaluate not only the wound tract to the FB but its angle into the tissue. Again, its precise location was marked directly on the skin. To assist the physician in locating small FB, a small needle (on one occasion) was inserted with the needle tip placed directly at the site of the FB, providing the physician with a path directly to the material. 4 Once the material was removed, the site was often reimaged with sonography to confirm that the material was completely removed.
Results
Twenty patients presenting to the radiology department had sonography performed to either determine the presence or assist in locating FB (see Table 5 ). There were 10 male and 10 female pa- tients ranging in age from 4 to 44 years old. Of these patients, 14 were acute, 2 were intermediate, and 4 were chronic injuries (see Table 1 ). The FB imaged were in a variety of locations, with the most common being the feet (n = 7), followed closely by the hands (n = 6). Other areas that patients presented with FB include the forearm (n = 3), lower leg (n = 3), and hip (n = 1).
Radiographs were obtained in 17 of 20 patients as the first imaging modality. These radiographs demonstrated FB in 8 patients: 4 inorganic and 4 metallic. Of the remaining 9 patients with FB, 4 had glass and 5 had wood.
Sonography was the first (and only) imaging modality in 3 of the 20 patients. The first was a known bee sting that resulted in a palpable lump on the posterior calf of the patient. The second was a toothpick in which the exposed tip broke off under the skin when the physician attempted to remove it. The third was a closed wound in which gravel had already been removed and swelling persisted.
The FB were separated into three categories: (1) organic, (2) inorganic and (3) metallic (see Table 4 ).
Four FB were composed of metallic material and were demonstrated with both sonography and radiographs. Eight inorganic FB were demonstrated with sonography, and four were seen radiographically. One patient had only sonography performed, as the physician felt no need to do a radiograph and was confident with the sonographic findings. Of the eight inorganic FB, sonography demonstrated all of them. Radiographs obtained on six failed to see the material. The remaining three did not have radiographs, as the physician felt confident with the sonographic results.
Radiographs demonstrated FB in 8 of the 20 patients, with 3 patients not having radiographs at all. Of the 20 patients with FB, sonography was used to guide or direct the removal in 11 of them. In 5 patients, sonography was indirectly used, determining their precise depth, angle of insertion, or location from the entrance wound, providing the physician enough information to remove the material without difficulty. Sonography had difficulty with imaging FB that were small and/or not superficially located. The smallest material demonstrated was less than 2 mm in size, located within the dermal layer of the skin. The largest was more than 2.5 cm in length. In one patient in which ten 26-g needles were broken off in the arm, four were easily located, and sonography guided the physician for their removal. The remaining six were greater than 5 cm deep and required fluoroscopy to guide their removal.
Air within the open cavity or removal site created difficulty for sonographic imaging as it mimics the appearance of a FB. On one occasion, the air from the lidocaine injection resulted in almost total obliteration of the image, preventing the physician from visualizing the area for removal of the material. On two other occasions, the irrigation of the open wound resulted in air bubbles, causing the same problem.
The appearance of STFB composed of organic material changed with the age of the injury. In the acute phase, the material presented as a bright echogenic structure (most likely due to the air within the material) with clean shadowing. Toward the end of this phase, there was often a hypoechoic ring surrounding the material. In the intermediate injury phase, the bright echogenicity of the FB diminished in strength, and dirty shadowing presented. Toward the end of this phase, the hypoechoic ring surrounding the material becomes more pronounced, often showing increased vascular perfusion on color or power Doppler. 16 In the chronic phase, the appearance of the organic FB is seen without the typical shadowing, as the air is replaced by bodily fluid. In this phase, a dense granular material develops 5 encapsulating the FB, resulting in a clean shadow similar to that of bone (see Fig. 1 ).
Discussion
Missed FB have been reported to be the second leading cause of litigation against doctors practicing emergency medicine. 1, 7 Anderson et al. 8 also reported that 38% of retained FB were overlooked on the initial examination, with less than 15% of wooden FB detectable with radiographs. Left untreated, these foreign bodies can result in infection, inflammation, tendon or nerve injury, and allergic reaction. 2, 5, 6 Infection is the most common complication, with nerve injury a distant second. 1 The use of sonography to detect FB was first described in 1978. 9 Since that time, few sonographers have developed the experience necessary to image 16 these FB. Most are completely unaware that sonography can even be used to locate FB. This lack of experience extends to the physician as well, resulting in more expensive testing performed. With experience and confidence gained in the use of sonography, these tests often go unordered, with the physician relying on sonography with more confidence.
Modalities Used to Demonstrate FB
To demonstrate STFB, physicians have used conventional radiographs, computerized tomography (CT), magnetic resonance imaging (MRI), nuclear medicine, and sonography.
Radiographic imaging for FB has been used for many years with some degree of success. This modality, however, relies on the density of the material located in the soft tissue. If the material has a low atomic number, the x-rays will pass through it without generating the negative shadowing necessary to demonstrate it on the radiograph. When conventional radiographs are used, only 80% 10 of FB were detected. This included all types of FB. The most difficult foreign bodies to demonstrate, however, are those composed of organic material, such as wood, where traditional radiographs demonstrate only 5% to 15% of the FB composed of this material. 8 MRI has also been used to visualize STFB, but its high cost, limited availability, and poor accuracy prohibit its routine use. CT scanning has also been used but at a much higher cost and increased radiation dose to the patient. When used with pediatric patients, sedation may be necessary to obtain a proper image. 3 Sonography has been proven more effective and less expensive than CT imaging, eliminating the problem of radiation exposure. 11
Identification
When using sonography to locate the presence of any potential foreign body, it is important for the sonographer to review radiographs, patient charts, and obtain details on the injury, to aid in triangulating the location for the sonographer to start scanning. Information supplied by the patient or records will aid with determining the type of material involved.
Prior knowledge of the radiographic results can assist in determining its general location. Because radiographs are obtained at right angles to each other, the sonographer can use this information to determine where to start the imaging process. The radiographs can provide information on the general depth as well as the composition of the material. FB are only visualized radiographically if they attenuate the radiographic beam as it passes through the body or if the density of the foreign body is greater than the surrounding soft tissue it resides within. When plain radiographs were negative and sonography used, the sensitivity and specificity for identifying FB within soft tissue ranges from 95% to 100% and 89% to 100%, respectively. 2, 12, 13 Information supplied by the patient and records will help determine the type of material and angle of entry. Prior knowledge of the type of material the FB is composed of is helpful as different materials create different artifact shadows. Most FB appear echogenic when imaged by sonography. The artifacts created by the FB can be useful in pinpointing their precise location. A comet-tail artifact 14 can be seen with both metallic and glass FB. Clean or dirty posterior shadowing may also be seen. Foreign body fragments that consist of varying thicknesses and surface shapes can create both dirty and clean shadowing, even within the same artifact. A drawback of relying on shadowing as a guide is that air within the soft tissue can mimic the appearance of FB.
Knowing the age of the retained foreign body is important, as the sonographic appearance of wooden material will change over time. As the chronologic age of the FB increases, there may be improved detection accuracy because of the inflammatory response of the body.
Improper sonographic beam orientation or increased age (bodily fluid replacement of air over time), may obviate posterior shadowing of wooden FB. A linear-array transducer is then best for the initial imaging of the material. Jacobson et al 2 reported that sonography can reveal wooden FB as small as 2.4 mm in length with 87% sensitivity and 97% specificity.
Localization
The examinations should be performed with the highest frequency available. For the initial imaging, a linear transducer is preferred. Although some advocate the use of a standoff pad to visualize the FB, 3 it was not used during this study. Instead, if there was a need for transducer to skin separation, a thick layer of normal ultrasound gel was used.
When radiographs are available, they should be reviewed to assist in targeting the location for beginning the sonographic search. Metal can easily be seen, with its general location readily determined from radiographic imaging. Glass does not need to contain lead, as previously thought, to show on radiographs. It only needs to have a higher atomic number than the surrounding tissue 2 that it resides within to be demonstrated on a radiograph. Wood, however, is seldom seen radiographically.
Meticulous sonographic interrogation of the FB site is imperative to detect the FB as their appearance could closely match the surrounding soft tissue. Every attempt should be made to visualize the FB perpendicular to the transducer to minimize the potential errors in location and position within the soft tissue. 3 A working knowledge of the normal soft tissue structures can assist in separating normal structures from those of the FB. By documenting these anatomical structures and their relationship to the FB (veins, arteries, tendons, etc.), the physician can plan the best approach for its removal, resulting in a decrease in postoperative complications. 3 The smaller the size of material, the more difficult it can be to visualize. Secondary signs of retained foreign bodies can then be used to draw our attention to the site of the actual foreign body itself. These signs include a hypoechoic halo, soft tissue edema, and hyperemia as well as reverberation or shadowing.
Organic material presents the most difficult problem for physicians to locate. When a halo is visualized around the FB, it can assist in locating it (see Fig. 5 ). 7
Removal
Once the material has been located, the precise depth and position should be determined. It is also important to mark the surface of the skin with an in- delible marker directly over the material. By inserting a paper clip between the patient's skin and the transducer, a shadow is created, providing the imager with the precise location so a mark can be made directly on the skin. If the material is a small BB-size structure, a simple dot is sufficient. If, however, it is a linear structure, such as a needle or toothpick, always mark both ends and connect them with a dotted line. This provides the physician with information regarding which direction to pull out the material.
The location and distance from the wound (if acute) in which the material is located can help the physician determine if removing it through the original track is feasible or whether a more direct approach is required. Trauma to the surrounding soft tissue is reduced whenever the FB is removed through the original injury track. The physician may only need to enlarge the track slightly to provide access for the hemostats. If the more direct approach is preferred, the physician is directed to the precise site and depth of the FB for removal, as described earlier.
The use of sonographic guidance for the removal of FB can result in a reduced incision and a less traumatic dissection to find and remove the material. 4 When using direct sonographic imaging to guide the forceps, it may be necessary to use a small footprint sector transducer in place of the linear transducer. Initially, the time required to remove FB with sonographic guidance can be lengthy. As the physician gains experience in the use of sonography to remove FB, the time necessary to locate and remove them decreases. 4 A physician spent 20 minutes in a failed attempt to locate and remove a glass FB (case 17) demonstrated radiographically by probing with a small forceps. Once the sonogram demonstrated its location and direction for the initial injury site, the material was removed in less than 10 seconds (see Figs. 6, 7) .
With obvious FB removed, one should rescan the area to evaluate for additional or remnant FB. 3 On one occasion after the removal of three small glass shards with sonographic guidance, the area was again evaluated (see Fig. 8 ), and it was determined that there was still additional material present (case 9). Seven shards were eventually removed (see Fig. 9 ).
If the site is old and the original track has closed, determining the FB position can result in a smaller incision and decreased dissection for its removal.
This results in a decreased risk of complications as well as a faster recovery period.
Not all patients are willing to undergo removal of foreign bodies. One patient in this series, in whom gravel was demonstrated sonographically, opted not to have the closed wound reopened to remove retained material (see Fig. 10 ). On subsequent follow-up, the material spontaneously found 
Current Technology
As new equipment becomes available, attempts have been made to determine if some of the options provided by the manufacturer improve the resolution and ease of imaging the FB. Tissue harmonics, speckle reduction, and crossbeam imaging were performed to determine if there were an improvement when imaging FB (see Fig. 11 ). These options provided no improvement over normal imaging parameters and, on most occasions, actually made their resolution more difficult. This was primarily due to the elimination of secondary signs such as the shadowing created by FB that often can direct the attention of the sonographer to their location.
The higher frequencies that are available in newer equipment have helped improve imaging of FB, making their location easier to demonstrate. Along with these higher frequencies, the improved color Doppler and power Doppler have been helpful. Davae et al 16 have been the first to describe the use of power Doppler in the localization of FB. The surrounding hypoechoic ring has been determined to be an inflammatory reaction to the FB. Both color and power Doppler are able to demonstrate this condition. This allows easier localization of some FB.
Properly set color Doppler parameters to visualize slow flow (low velocity) will help determine if reactive hyperemia is present. Varying the transducer angle will ensure that the best color flow image be obtained with the highest Doppler shift.
When using power Doppler, the angle of the transducer is not as important. This modality uses a frequency shift, not a Doppler shift, to obtain the image. The same care must be taken, however, with setting the parameters to detect slow or low flow.
Limitations of Sonography
Although sonography has been demonstrated to be very effective in localizing FB, there are limitations to its successful use.
The first limitation is the experience of the operator. Without a proper understanding of the appearance that STFB have when imaged with sonog-raphy, FB can be difficult to locate. Fortunately, for the sonographer, this knowledge can be easily acquired.
The second limitation is the size and depth of the FB. Although most, if not all, FB can be demonstrated when they are superficial, deep locations pose more of a challenge. On one occasion, a patient presented with ten 26-g hypodermic needles imbedded in her upper arm. Sonography was only able to demonstrate four (see Fig. 12 ). These four needles were easily removed in less than 5 minutes; fluoroscopy, however, was required to remove the remaining six. One was so deep that it was embedded in the brachial nerve plexus sheath.
The third limitation is the FB proximity to bony structures. Imaginative imaging angles can assist in projecting any potential FB away from bony projections. This technique, however, does not always work.
The final limitation is air within the wound, which can mimic the appearance of FB. The simple act of irrigating the wound can create micro air bubbles, creating a problem for accurate imaging (see Fig. 13 ). This effect would be minimized if sonography were used prior to any exploration of the wound.
False-positive scans can occur, resulting from air, calcifications, or scar tissue from prior removal attempts. Air created by the FB within the wound tract is seldom a problem for sonography if imaging is performed before any surgical intervention. Calcifications can always be a problem. With a proper understanding of normal anatomical structures (e.g., sesmoid bones in the hand), this potential risk can be minimized. Prior unsuccessful attempts at removing FB can result in scar tissue that can distort the normal anatomic structures, making a definitive identification problematic.
Summary
Retained FB, overlooked at the initial physical examination, have a propensity to develop into infections that are more serious. When looking for the retained FB, care should be taken to investigate the surrounding tissue for possible occult complications.
One of the reasons sonography is not used more widely in the imaging of soft foreign bodies is its A B C dependence on the experience of the operators 5 as well as the confidence the clinician has in the modality. However, with minimal training and educa-tion, sonography can easily be used as the primary modality for the imaging of STFB. 3 The skill and knowledge of the sonographer are directly propor- tional to the quality of this examination. As the sonographers' skill increases, the accuracy of the procedure will as well.
Due to its relative low cost, high degree of accuracy, and widespread availability, sonography should be the modality of choice to image wooden FB. Sonography is quite accurate in identifying and documenting superficial structures but does not fare as well in dealing with deeply located FB or if air is present in the wound.
Although MRI, CT, and nuclear medicine scintigraphy all have been used to demonstrate FB, Soudack et al. 3 have shown that when sonographic imaging is positive, there is no further need for these elaborate and more expensive tests. 
